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This paper is focussing on seismic assessment of Arg-e Tabriz in Tabriz city, Iran through microtremor measurements 
and FEM analysis.  Arg-e Tabriz is a huge masonry structure which has been built in Ilkhanid ear (1336-1360 AD) in 
Tabriz,  while it was the capital of in Iran in that period.  Arg-e Tabriz was built in earthquake prone region and has 
experienced several strong earthquakes.  Microtremor measurements were conducted to estimate the vibration modes 
and damping ratio of the structure.   The finite element analysis was performed to compare the result of microtremor 
measurements and to assess the seismic safety of the structure. 



























 ほ Ⅼࡣᅗ 2 ࡟♧ࡍࡼ࠺࡟ᘓ≀ෆ࡜࿘㎶ᆅ┙ࡢィ 10 ࣨ
ᡤ 21 ᡂศ࡛࠶ࡿࠋ௨ୗࠊᒇୖ㝵ࠊᆅ┙ࠊᆅୗ 1 㝵ࢆࡑࢀ
ࡒࢀ RFࠊGLࠊB1F ࡜グࡍࠋᘓ≀୰ኸ௜㏆ࡢ୪㐍ᡂศࡢ௚
࡟ࠊ➃㒊࡛ࡢ᤟ࢀ≉ᛶࡢᢕᥱࢆ┠ⓗ࡟ࡋࡓ㓄⨨࡜࡞ࡗ࡚
࠸ࡿࠋィ ࡣࢧ࣮࣎ᆺ㏿ᗘィࢆ౑⏝ࡋࠊࢧࣥࣉࣜࣥࢢ࿘Ἴᩘ 100Hz ࡛ࡑࢀࡒࢀ 10 ศ㛫཰㘓ࡋࡓࠋ
㸱㸬ᖖ᫬ᚤືィ ࡟ᇶ࡙ࡃᘓ≀ࡢື≉ᛶ
᣺ື≉ᛶཬࡧᆅ┙̿ᘓ≀┦஫స⏝
 ᅗ 3 ࡟ RF/GLࠊRF/B1F ࡢఏ㐩㛵ᩘཬࡧ఩┦ᕪࢆ♧ࡍࠋRF/GL ࡜ RF/B1F ࡢఏ㐩㛵ᩘࢆẚ㍑ࡍࡿ࡜㠀ᖖ࡟ࡼ
ࡃఝࡓᙧ≧࡛࠶ࡾࠊ1 ḟᅛ᭷᣺ືᩘࡣ NS ᪉ྥ࡛ 2.8HzࠊEW ᪉ྥ࡛ 2.6Hz ࠊ2 ḟᅛ᭷᣺ືᩘࡣ NS ᪉ྥ࡛
3.6HzࠊEW ᪉ྥ࡛ 3.4Hz ࡜᥎ᐃࡉࢀࡿࠋNS ᪉ྥࡢ఩┦ᕪ࡟ὀ┠ࡍࡿ࡜ࠊ3Hz ௜㏆࡟࠾࠸࡚⛣㏦ࡀ࡯ࡰ 180r
ࡎࢀ࡚࠾ࡾࠊ᤟ࢀࡢᛶ≧ࢆ♧ࡋ࡚࠸ࡿࠋ᤟ࢀ᣺ື࡟ࡘ࠸࡚ศᯒࡍࡿࡓࡵ࡟ RF ᮾす➃ࡢỈᖹᡂศࡢࢹ࣮ࢱࢆ
⏝࠸࡚ే㐍࡜᤟ࢀࡢ 2 ᡂศ࡟ศ㞳ࡍࡿ 3)ࠋࡍ࡞ࢃࡕࠊᮾす➃ NS ᪉ྥࡢኚ఩ࡢ࿴ࡢ 1/2 ࢆే㐍ᡂศࠊࡑࢀࡽ
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ᅗ 4 1 ḟᅛ᭷࣮ࣔࢻ࡟࠾ࡅࡿ RF ࡢືࡁ
ῶ⾶ᐃᩘࡢ᳨ウ
 RD ἲ 4)ࢆ⏝࠸࡚⮬⏤᣺ືἼᙧࢆ⏕ᡂࡋࠊᘧ(2)ࡢ 2 ⮬⏤ᗘ⣔ࡢ⮬⏤᣺ືࢆࣇ࢕ࢵࢸ࢕ࣥࢢ㛵ᩘ࡜ࡋ࡚㠀⥺
ᙧ᭱ᑠ 2 ஌ἲࢆ⏝࠸ῶ⾶ᐃᩘࢆ᥎ᐃࡍࡿ 5)ࠋࡇࡇ࡛ RD ἲ࡜ࡣࠊᖖ᫬ᚤື࡟ࡼࡾᚓࡽࢀࡓྛᡂศࡢຍ㏿ᗘࢹ
࣮ࢱࡢࣃ࣮࣡ࢫ࣌ࢡࢺࣝᐦᗘࢆồࡵࠊ༟㉺᣺ືᩘࡢࣆ࣮ࢡࡀ༑ศ࡟ⴠࡕษࡗࡓᖜ࡛ࣂࣥࢻࣃࢫࣇ࢕ࣝࢱ࣮ࢆ
᪋ࡋࠊῶ⾶Ἴᙧࢆ⏕ᡂࡉࡏࡿᡭἲ࡛࠶ࡿ 4)ࠋ


















kxtx                       (2) 
ࡇࡇ࡟ x㸸ࣇ࢕ࢵࢸ࢕ࣥࢢ㛵ᩘࠊxk㸸k ḟࡢ⮬⏤᣺ືἼᙧࠊx0k㸸k ḟࡢ⮬⏤᣺ືἼᙧึᮇ್ࠊhk㸸k ḟࡢῶ⾶
ᐃᩘࠊȰk㸸k ḟࡢᅛ᭷෇᣺ືᩘࠊȭk㸸k ḟࡢึᮇ఩┦ࠊt㸸᫬㛫
 ᅗ 5 ࡟ RD Ἴᙧࢆ♧ࡍࠋῶ⾶ᐃᩘࠊᅛ᭷᣺ືᩘࡣᑐᩘῶ⾶⋡ཬࡧࢮࣟࢡࣟࢵࢩࣥࢢἲࡼࡾ⟬ฟࡋࡓࠋ᥎ᐃ
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್ࡀ 1 ḟ 2.7Hzࠊ᤟ࢀ 3.1Hzࠊ2 ḟ 3.5Hz ࡛࠶ࡿࡢ࡟ᑐࡋ࡚ࠊ
᭷್ゎᯒ࡛ࡣ 1 ḟ 2.4Hzࠊ᤟ࢀ 1 ḟ 2.7Hzࠊ᤟ࢀ 2 ḟ 3.9Hzࠊ
2 ḟ 4.0Hz ࡜࡞ࡗࡓࠋᚤືィ ࡜ᅛ᭷್ゎᯒࡢ⤖ᯝࡀᴫࡡ୍
⮴ࡋ࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋࡲࡓࠊᅛ᭷್ゎᯒࡼࡾᚓࡽࢀࡓࣔ
























㟈Ἴ࡜ࡋ࡚Ṕྐⓗᘓ⠏≀ Arg-e Tabriz ࡢᆅ㟈ᛂ⟅ゎᯒࢆᐇ⾜ࡋࠊ⪏㟈Ᏻ඲ᛶࢆ↷ᰝࡍࡿࠋᅗ 8 ࡟᝿ᐃࢱࣈࣜ
࣮ࢬᆅ㟈ࡢᆅ⾲㠃࡟࠾ࡅࡿᆅ㟈ືຍ㏿ᗘἼᙧ㸦᭱኱ຍ㏿ᗘ NS㸸1117galࠊEW㸸1406gal㸧6)ࢆࠊᅗ 9 ࡟ຍ㏿ᗘ
ᛂ⟅ࢫ࣌ࢡࢺࣝࢆ♧ࡍࠋ
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ᅗ 8 ᝿ᐃᆅືຍ㏿ᗘ 6)
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᩿ࡋࡓࠋ࡞࠾ࠊᒇୖ㝵ࡢ⠇Ⅼࢆᅗ 10 ࡟♧ࡍࡼ࠺࡟ 1 ࠿ࡽ 9 ࡲ࡛ࡢ␒ྕࢆタᐃࡋ࡚ࠊࡑࡢⅬ࡟࠾ࡅࡿ᭱኱ᛂ
⟅ኚᙧゅࢆ⟬ฟࡋࡓࠋ
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